Long terminal repeats (LTEs) of two members of mdgi family were sequenced. In the both cases, they are represented by perfect direct repeats 442 and 444 bp in length. Sixteen nucleotides in the LTRs of two different mdgi elements are different. Each LTR contains slightly mismatched 16-nucleotide inverted repeats located at the ends of the LTR. Six base pairs closest to the termini, of LTR form perfect inverted repeats. On the gene-distal sides of LTRs, short 4-nucleotide direct repeats are located, probably representing the duplication of a target DNA sequence arising from insertion of mdg. They are different in the two cases analyzed. Just as the other analyzed eukaryotic transposable elements, mdgi starts with TGT and ends with ACA. Within the both strands of LTR, the sequences similar to Hogness box (a putative signal for RNA initiation, or a selector) and AATAAA blocks (putative polyadenylation signals) are present. The LTR of mdgi contains many short direct and inverted repetitive sequences. These include a 10-nucleotide sequence forming a perfect direct repeat with the first ten nucleotides of the LTR. A region of LTR about 70 bp long is represented by simple repetitive sequences (TAT).
INTRODUCTION
In the previous papers, we described the structural organization and transcriptional patterns of mobile dispersed genetic element mdgi /I,2/ which represent a transposable element of D. melanoflaster genome /3A Just as other similar genes /4/, mdgi is framed with two regions of homology, long terminal repeats (LTRs) /1/ which probably play an important role in mdg translocations / 4 / and transcription /2/.
Until now, the LTRs of two D. melanosaster mdg elements, mdg3 and copia, have been sequenced /5i&/ and found to be similar to the ends of prokaryotic transposones.
In this paper, we report the data on the nucleotide se-quence of mdgi LTRs. They have many properties in common with LTRs of mdg3 and especially of copia but also reveal some novel features.
MATERIALS AND METHODS
Two representatives of the mdgi family were cloned in pBR322 as pDm58 /1/ and pDm742 (selected from the same shotgun experiment as Dm58). Both of them contained two Hindlll fragments (A and B) which were recloned separately using the ligation of Hindlll underrestricted p58 and p742 DNAs. Thus, clones designated as Dm58A, Dm58B, Dm74-2A and Dm742B were obtained.
The sequencing was performed according to the Maxam and Gilbert technique / 7 / as described in /&/.
For this, the DNA of four above mentioned plasmids was restricted with EcoRI; after 5 f -end labeling by polynucleotide kinase and additional restriction with Hindlll endonuclease (in the case of p58A and p742A DNAs) or with BsuEI endonuclease (for p58B and p742B DNAs), the mixture was fractionated by 4% polyacrylamide gel electrophoresis. Fragments labeled at this stage at one end were eluted and used for sequencing while the 0.25 kb EcoRI fragments still labeled at both ends were eluted, denatured in 50% dimethyl sulfoxide (98°C, 2-3 min) and the two strands were separated by 4.5% polyacrylamide gel electrophoresis.
After partial chemical degradation /7,8/, the material was fractionated by electrophoresis in 20% and 8% 60 cm structural polyacrylamide gels. The sequences were read in both directions from each EcoRI site.
We found that the 0.25 kb EcoRI fragments contained a Bglll site. Therefore, in additional experiments, p58A and p58B DNAs were restricted by Bglll. After labeling with ^ P, the fragments were separated, restricted separately with EcoRI, isolated and sequenced. This gave us the orientation of the 0.25 kb EcoRI fragment as well as an additional prove of the sequence.
Restriction endonucleases were a kind gift of Dr. A.Janulaitis.
( ~ 2000 Ci/mmole) was purchased from Amersham (the Radiochemical Centre, England) or from IZOTOP (USSR).
The Southern blotting experiments were performed as described previously /1,2/. RESUI/PS
Characterization of sequenced DNA fragments
The restriction maps of the analyzed clones Dm58 and Dm74-2 containing two different members of the mdgi family are shown in Pig. 1. All internal restriction sites are the same for both copies of mdgi. The long terminal repeats (LTRs) of mdgi include 0.25 kb EcoRI fragments and extend to the adjacent fragments /1/. As the two EcoRI fragments used for sequencing had the same size and could not be resolved electrophoretically, the mdgi Hindlll fragments were separated by recloning (see above).
The convenient localization of EcoRI sites allowed us to read the whole LTR sequence just from the two EcoRI sites (see Fig. 1 ) . However, for the correct orientation of 0.25 kb fragments, additional sequencing from Bglll sites was also performed.
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Pig. 1. The r e s t r i c t i o n maps of Dm58 and Dm742 cloned DNA fragments i n the regions of LTRs.
• Hindlll; f EcoRI; ? Bsul; Y E g l l l r e s t r i c t i o n s i t e s ; A and B -Hindlll subclones obtained from Dm58 and Dm742; AAA/ pBR322 DNA;< *main and a d d i t i o n a l d i r e c t i o n s of t r a n s c r i p t i o n i n mdgi. Thick l i n e designates I/ERs.
2. The nucleotide sequence of long terminal repeats of mdgi in clone Dm58 LTR nucleotide sequences in the member of mdgi familypresent in clone Dm58 are given in Pig. 2. Only the strand coinciding with the main mdgi transcript is shown.
One can see that the length of direct repeats is equal to 442 nucleotides. The direct repeats are perfect. They contain no nucleotide changes. Each LTR has slightly mismatched inverted repeats 16 bp long at the ends. LTRs start with the sequence TGT and end with ACA. The elements of a dyad symmetry framing each of the LTR are schematically presented i n P i g . 3 . One can see t h a t 13 n u c l e o t i d e s out of 16 may be involved i n duplex formation. Six of them l o c a t e d j u s t a t the termini of the elements form a p e r f e c t palindrome. I t i s c l e a r t h a t the same mismatched dupl e x can be constructed with the termini of the whole mdg e l ement.
The gene d i s t a l sides of LTRs are framed with s h o r t d i r e c t r e p e a t s CGAT, possibly o r i g i n a t i n g from duplication of a t a rget sequence (see below) (Figs 2 and 3) . The s t r u c t u r a l gels i l l u s t r a t i n g the organization of sequences a t the beginning of the f i r s t and the end of the second LTR are shown in F i g . 4 .
The n u c l e o t i d e sequence of mdgi LTRs i s characterized by the presence of a number of s h o r t d i r e c t and i n v e r t e d r e p e a t s marked i n F i g . 2 . A sequence between 31th and 40th nucleo-OGATT^ATCTCC..r' 63OO bases...CGCCAT-ACGAT \ i n t e r n a l part of the mdgi F i g . 3 . A schematic p r e s e n t a t i o n of mdgi termini showing p e r f e c t and mismatched palindromes a t the ends of LTRs.
i A 10 bp sequence coinciding with the beginning of LTR; • H B a simple sequence r e g i o n . Underlined with two l i n e s i s the duplication of host DNA a t the ends of mdgi. As the palindrome at the beginning of LTR is cut by i£coRI, in (a) only 13 nucleotides of i t are shown; in (a) and in (b,c) the different strands were read. The 4 nucleotide direct repeats are marked by two vertical lines; in (b) three non-essential ladders located between tae C+T and C ladders v/ore eliminated durin b printing.
tides is noteworthy, which forms a perfect direct repeat with the first 10 nucleotides of LTB. Thus, the end sequence of LTR is complementary not only to the beginning of LTR, but also to the sequence within it. The region of LTB adjacent to the last inverted repeat comprises simple sequences of the TAT type, occasionally with a one-letter change. This triplet is repeated 22-23 times. Finally, the analysis of LTE nucleotide sequences reveals the existence of sequences reminding the Hoguess box in the both strands (see Fig. 2, solid arrows) . The canonic Hogness box represents a TATAAATA sequence surrounded with GC-rich regions /9/. It is considered as a signal determining the initiation of ENA synthesis 25-30 nucleotides downstream it. Also, AATAAA sequences were detected again in the both strands of LTH (Fig. 2, open 
Only the sequence of LTE1 i s presented as LTE2 i s i t s exact copy.
The l e t t e r s above the sequence are bases located in the corresponding positions of mdgi from Em58 D1JA.
The boxes show elements of dyad symmetry. • = = • 4 bp duplication at the termini of rndgi.
of total nucleotides are changed comparing to LTR from Dm58. On the other hand, the sequences of two LTRs present in Dm742 are exactly the same. Here, too, no base changes can be detected.
The nucleotide changes are more or less randomly scattered throughout the whole length of LTR. Usually, these are point mutations, but also one deletion and three insertions have been observed.
Two changes occur in the inverted repeat, and one is localized closely to the Hogness box. Neither the Hogness box nor the AATAAA blocks are changed. Just as the copy of mdgi present in Dm58, the analyzed member of mdgi family is flanked with four-nucleotide direct repeats (here, with AATT). Thus, the number of nucleotides in the flanking direct repeats is identical for the two copies of mdgi but the sequence is quite different.
The final experiment was conducted to analyze the arrangement of mdgi LTRs in the genome of culture cells of D. melanoKaster. Chromosomal DNA was digested with either EcoRI+Bsu or with Bsu endonuclease alone, and the Southern filters prepared were hybridized to a labeled probe represented by a 0.25 kb EcoRI fragment of mdgi LTR (Fig. 6 ) .
Only one labeled band (O.25 kb) appeared in the DNA restricted with two endonucleases (slot a) showing the homogeneity of LTR analyzed in. the genome. If the material was underrestricted with EcoRI, additional 1.0 kb and 0.75 kb bands were seen (slot c), which corresponded to KcoRI+Bsu fragments marked in Fig. 1 .
With the Bsu-restricted DNA, a heterogeneous labeling took place, giving a smear with some poorly resolved bands (slots b,d). It is noteworthy that the labeled material appears just above the 0.75 kb band coinciding with EcoRI-Bsu fragment (compare slots c and b,d). Thus, the shortest genomic Bsu fragments seem to include the whole LTR (which lacks Bsu sites) and about 350 adjacent nucleotides of the mdgi body. Thus, in agreement with the previous data /1/, sequence heterogeneity in the genome begins immediately beyond the LTH which extends only 16 bp to the left from an EcoRI site. Moreover, the ab- sence of shorter fragments indicated that the corresponding I/ER nearly always occurs in combination with mdgi and not as a solo sequence.
A further increase in the label intensity appears at a band of 1200 bp corresponding to the rightmost Bsu fragment which contains about 750 bp of the mdgi body in addition to the LTR. The results of studies with DHA from embryonic and culture cells are similar. Thus, the LTRs do not change significantly during mdgi amplification.
DISCUSSION
At present, the nucleotide sequences of long terminal repeats (LTRs) present in mdg3 /5/, copia /6,10/ and mdgi (this paper) of D. melanosaster. and in Tyi /11,12/ of yeast are known. All of them share many properties (see Table 1 ) : (i) the direct repeats framing mdg elements are perfect; (ii) perfect ox slightly mismatched inverted repeats are located at the ends of each LTR; (iii) the mdg starts with TGT and ends with ACA; (iv) the mdg element is flanked with short direct repeats; (v) a number of short direct and inverted repeats are present within the LTR; (vi) LTRs contain putative signals for the initiation and termination of transcription.
Some exceptions are possible. For example, mdg3 contains inverted repeats at the ends of the whole element but not at the ends of each LTR. LTR of Tyi is framed only with very short (2 nucleotides) inverted repeats.
Most of these properties are also characteristic of-some prokaryotic transposons. For example, Tn9 and Tn204 are terminated with direct repeats represented by the insertion sequence IB1 /13.15/ which, in turn, contains inverted repeats 20 bp long at the termini /16,17/. The insertion of a transposon in bacteria always creates the duplication of a short target sequence which can be detected at the flanks of the transposon (see for review 18 ). These similarities suggest that eukaryotic mdg elements and certain bacterial transposons are genetic elements of the same nature. The obligatory presence of TG...CA at the ends of some eukaryotic mdg elements may depend on the specificity of enzyme(s) involved in transposition in eukaryotic systems.
We have found previously that the initiation and termination of RNA synthesis in mdgi and mdg3 occur within the LTR sequences /2,19/. The putative signals for these processes can be found among LTR nucleotide sequences. Possibly, at least in certain cases, the transcription of mdg elements may be autonomous and independent of the host genome regulation.
In all mdg elements studied, the LTRs were identical if the same copy of mdg family was analyzed, but one could find pome nucleotide changes between two different copies. Two copies of mdgi contained an extremely high percentage of deviations (~3%). Thus, the LTRs of mdg elements are not evolutionary conservative, but a mechanism correcting (unifying) the LTR sequences should exist for a particular representative of the family. Probably this correction takes place during the translocation (reinsertion) of mdg. Our blotting experiments did not give any evidence for the presence, in the genome, of mdgi LTRs significantly differing from those studied in the present paper. Moreover, no evidence was obtained for the existence of solo LTR sequences in the genome of D. melanosaster. Still, their existence cannot be ruled put, but even if they do exist, the number of solo LTRs should be very low. In this respect, the mdg elements of D. melanogaster (see also the data on copia /6/) are different from those of yeast /2O/. Analysis of Table 1 reveals a striking similarity between the LTR sequences of mdg elements in D. melanosaster (especially of mdgi) and those of mammalian and avian integrated proretroviruses /21-22/. Many other properties of the mdg elements and of the integrated proretroviruses are also quite similar (see/23,24/). It may indicate that these two genetic elements are closely related. On the other hand, the mdg elements comprise a very significant portion of the genome (5% or more). Possibly the major fraction of long middle repetitive sequences belongs to this class of genetic elements /25, 26/. One may suggest that either endogenous proretroviruses represent a subclass of mdg elements or they are widespread in the genome. It is interesting that endogenous proretroviruses were detected recently in D. melanosaster /27A but their relation to mdg elements is to be analyzed.
The presence of transcriptior. promoters in the both LTRs of mdg elements (as well as in the LTR of proretroviruses) may result in their strong influence on the transcription of adjacent host genes. The transcription of an adjacent gene may run out of the host control mechanisms and be directed completely by a control element present in the LTR sequence. If such a gene is represented by a potentional oncogene, the cell may be transformed. The "promoter hypothesis" of onco-genesis postulating this mechanism for the initiation of transformation has been proposed earlier /28/, and now i t g^ng support from the data on retrovirus oncogenesis /29,3O/. The LTEs of mdg elements also may serve as a source for the appearance of poorly regulated promoters in many new regions of the genome.
